The majority of defense wastes generated from reprocessing spent N-reactor fuel a t Hanford a r e storedr'n underground Double-Shell T a n k s (DST) a n d in older Single-Shell Tanks (SST) in t h e form of liquids, s l u r r i e s , sludges, and s a l t cakes. The T a n k Waste Remediation System (TWRS) Program has t h e responsibility of safely managing a n d immobilizing these t a n k wastes for disposal.
waste r e t r i e v a l , pretreatment, a n d v i t r i f i c a t i o n .
A refe.rence process flowsheet i s being developed t h a t includes 1 Prior t o the decision t o v i t r i f y the low-level wastes (LLW) , the disposal choice f o r Hanford DST LLW was t o solidify t h e liquid wastes using cementitious grouts. Westinghouse Hanford Company (WHC) managed t h e Grout Disposal Program ( G D P ) and Paciftc Northwest Laboratory ( P N L ) provided support t h r o u g h t a n k waste charac'terization, simulant development, waste form development a n d t e s t i n g , radioactive g r o u t t e s t i n g . p i l o t -s c a l e t e s t s , a n d performance assessments. Several t y p e s o f liquid LLW were investigated for t h e i r potential disposal via grouting. These included Phosphate/Sulfate Waste (PSW), Neutralized Cladding Removal Waste (NCRW), Complexant Concentrate ( C C ) . Double Shell Slurry Feed (DSSF), a n d Concentrated Phosphate Waste, i . e . , from T a n k 241- . Limited studies were performed with NCRW (Serne e t a1 1992) a n d with CC (Shade e t a1 1986). Extensive laboratory a n d pilot-scale studies have been conducted with PSW ( L o k k e n e t a 1 1987, Fow e t a1 1987, Serne e t a1 1992). DSSF (Claghorn 1987 . Lokken 1992b .c Lokken a n d Martin 1992. Serne e t a1 1992. Whyatt 1994) . and 106-AN (Bagaasen 1993. Hammitt and Welsh 1993. Lokken 1992a. Lokken e t a1 1993. Serne e t a1 1992. Serne e t a1 1989. Welsh 1994a). compositions and densities of selected DSSF a n d 241-AN-106 simulants and a c t u a l DST waste are reported.
Several simulants of these waste types were prepared a n d t h e Currently, PNL i s assisting in the development of waste forms for v i t r i f y i n g Hanford LLW a n d supporting the Westinghouse Hanford Company melter technology selection. An integral p a r t of the process i s t o identify, prepare, a n d characterize representative LLW simulants for use in these studies. During FY-94, procedures were developed f o r preparing waste melter t e s t s described i n the PNL Project Work P l a n a n d the WHC Vendor Test Statement of Work (Wilson 1994) . respectively. This report discusses three principal topics: the need for a n d the basis for selecting target or reference LLW simulants, t a n k waste analyses a n d simulants t h a t have been defined, developed, and used for the GDP. a n d a c t i v i t i e s i n support of preparing and characterizing simulants.for the current LLW v i t r i f i c a t i o n project. The procedures and the d a t a t h a t were generated t o characterize the LLW v i t r i f i c a t i o n simulants were reported by Lokken and Martin (1994) and for the most part, are presented in t h i s report. Analyses of simulants prepared a t Optima Chemicals for use by the melter vendors for Phase.1 testing, a n d for a simulant prepared a t PNL for use i n small-scale melter testing in direct support of the melter vendor t e s t s are presented. The final section of t h i s report addresses the applicability o f the d a t a t o the current program and presents recommendations for a d d i t i o n a l d a t a needs i ncl u d i ng characterization 'and s i mu1 a n t compositional vari a b i 1 i t y studies.
LOW-LEVEL TANK WASTE SIMULANTS
One of the most important a c t i v i t i e s i n waste form development a n d testing i s -t h e development of a suitable simulant t h a t matches as closely as possible the characteristics of the actual waste stream t h a t w i l l be processed. Ideally, preparation of a waste simulant would follow the same chemical processes t h a t were used t o produce the waste. In practice, however, t h i s i s impractica1,because of the numerous processes and process conditions t h a t have been employed a t the s i t e during the many years of operation a n d because of the lack of post-process characterization d a t a . Other factors, such as time/temperature/radiation effects 'can be highly variable and nearly impossible t o duplicate i n the laboratory. simulation. the actual waste would be "fully" characterized for important chemical and physical properties. A waste simulant could then be defined, prepared. and characterized t o determine how well i t s properties match those of the actual waste. However, because of the varied nature o f the actual As a n alternative t o process wastes and because of difficulties associated with representative sampling and precise,characterization, simulants are often based on "best estimates" or "target" compositions of the actual wastes. Typical testing strategies also include simulant verification by conducting a limited number of tests with actual wastes.
Further difficulties encountered with producing representative simulants include cases where the waste streams cannot be defined because of unknown future process conditions, such as retrieval schemes and sequences. pretreatment operations. blendi,ng sequences, etc. In these cases, simulants are generally defined as a n overall "volume-weighted" average composition based on a combination of waste tank analyses, waste volume projections.
process knowledge, and/or other factors. . . (19931, Bagaasen (1993) . Hendrickson a n d Welsh (1992) Work w i t h simulants i s more convenient and often necessary because of costs or hazards associated w i t h using actual radioactive wastes. This i s especially true when large volumes of wastes are required. For the GDP. more t h a n 75.000 L of simulated PSW waste (Fow e t a l . 1987). 10.000 L of simulated DSSF (Whyatt 1994) . and 13,000 L o f simulated 106-AN waste (Bagaasen 1993) have been prepared and used i n pilot-scale and laboratory studies a t PNL.
GROUT DISPOS AI PROG RAM SI
Simulants also allow for the determination of leach rates of low-activity radionuclides, when their presence would be masked by the higher-activity radionuclides (Serne 1992 ).
LIW VIT RIFICATION SI MU LANTS
For the first phase of LLW vitrification simulant development, two waste compositions were investigated. The simulated wastes were based on the analyses o f six tanks of DSSF waste and on the projected composition of the wastes exiting the pretreatment operations (Shade 1994) . A simulant normalized to 6 M sodium was based on the anticipated concentration after ion exchange and initial separations. A 10 M sodium simulant would represent a waste that has been concentrated by evaporation to reduce the overall volume. Development and characterization of this simulant is described in the following sections.
A third LLW simulant. referred to as the remaining inventory, included wastes not included in the DSSF tanks and the projected LLW fraction of single-shell tank wastes (Shade 1994 ). This waste was originally to be used in the second phase of melter system testing. Additional simulant compositions will be developed and tested as retrieval sequences, blending strategies, and pretreatment flowsheets become finalized.
J A B O R A T O R Y DFVELO PMFNT OF L I W VI TRIFICATION SI MU1 ANT
Laboratory t e s t s were conducted t o develop procedures t h a t could be used for producing large quantities of LLW simulant for use i n the melter vendor t e s t s and i n various laboratory studies. Simulants were prepared w i t h reagent-grade chemicals t o o b t a i n the ionic concentrations l i s t e d i n Table 3. The target values i n Table 3 are estimated from the projected compositions o f LLW discharged from the pretreatment and separation processes a n d from the i n i t i a l characterization d a t a for the starting waste compositions reported by Hendrickson a n d Conner (1994) . The concentrations of several species ( i . e . Mo, Sr, Cs. and 104) have been s e t higher t h a n analyzed i n order t o monitor t h e i r behavior during v i t r i f i c a t i o n . Molybdenum was used as a stand-in for technetium i n these studies because of t h e i r similar chemical characteristics.
For each of the three simulants l i s t e d i n Table 3 . two solutions were prepared -one containing the acid-soluble compounds and the other containing the alkaline or neutral compounds. The f i n a l simulants were prepared by a d d i n g the acid solution t o the alkaline solution. Separate acid and a l k a l i n e solutions were studied because i t was n o t known whether significant quantities o f precipitates would be present i n t h e f i n a l s i m u l a n t t h a t would result i n d i f f i c u l t i e s i n providing a uniform feed t o the melters.
The compounds and their concentrations used t o prepared each of the three simulants are l i s t e d i n Tables 4 t h r o u g h 6. The acid a n d alkaline compounds were added ( i n the order l i s t e d i n the tables) t o approximately 300 m l o f water i n a polypropylene j a r . The solutions/slurries were constantly agitated d u r i n g the chemical a d d i t i o n . The solutions/slurries were not heated during preparation: any temperature changes were from the heat of solution of the s a l t s . After a l l the chemicals h a d been added, the solution/slurry was transferred t o a graduated cylinder and the volume adjusted t o 500 m l (for the acid a n d alkaline portions of each o f the simulants). solutions were then determined from the weight of 500 ml of solution. simulants were prepared by a d d i n g equal volumes o f the acid components t o the alkaline components. The simulant mixtures were constantly agitated u n t i l no more solids dissolved. A 9 4 5 -l i t e r batch o f s i m u l a n t w a s a l s o Chemical Company (Optima) f o r use i n t h e Phase I m e l t e r vendor t e s t s .
o f about 42.000 l i t e r s were prepared. prepared a t PNL f o r use i n p i l o t -s c a l e t e s t s i n support o f t h e m e l t e r vendor t e s t s (See' Appendix A ) .
The q u a n t i t i e s o f chemicals used f o r t h e p r o d u c t i o n o f these simulants a r e shown i n Table 7 . Several o f t h e compounds s p e c i f i e d Table 7 f o o t n o t e s ) .
The simulants prepared a t Optima were prepared i n t h r e e batches. The f i r s t two batches were supposed t o be 13,230 l i t e r s each, and t h e t h i r d was 
P r i o r t o adding t h e a c i d i c s o l u t i o n t o t h e b a s i c s o l u t i o n , t h e b a s i c s o l u t i o n was r e c i r c u l a t e d through a heat exchanger t h a t kept t h e s o l u t i o n around 52°C. As t h e a c i d i c s o l u t i o n was added t o t h e b a s i c s o l u t i o n . a foam l a y e r formed near t h e center o f t h e s o l u t i o n surface and t h e l a y e r e v e n t u a l l y grew t o cover about 75% o f t h e surface. r e s u l t i n g s o l u t i o n t u r n e d f r o m m i i k y w h i t e t o m i l k y gray and f i n a l l y t o m i l k y
deep o l i v e green..
The c o l o r o f t h e A f t e r t h e t w o s o l u t i o n s had been prepared, i t was recognized t h a t t h e combined volumes o f t h e two s o l u t i o n s would exceed t h e d e s i r e d f i n a l volume of
( a ) Optima T r i p Report -Observe LLW (DSSF) Simulant P r e p a r a t i o n . August
16, 1994. I n t e r n a l Memo from Regan Seymour t o V i t r i f i c a t i o n Development,
Westinghouse Hanford Company, Richland, Washington.
s i m u l a n t ; i . e . .
-13.200 l i t e r s . The overage was a t t r i b u t e d t o a m i s c a l c u l a t i o n i n t h e volume o f t h e A l ( N 0 3 )~ and NaEDTA s o l u t i o n s added t o t h e a c i d i c s o l u t i o n . Several options t o recover t h e simulant c o n c e n t r a t i o n were
discussed and i t ' w a s agreed t h a t t h e c u r r e n t batch o f s i m u l a n t would be s p l i t i n h a l f . To one o f t h e halves, t h e b a s i c chemicals f o r t h e second simulant batch would be added b u t u s i n g s o l i d NaOH f l a k e i n s t e a d o f t h e 50% s o l u t i o n .
The a c i d i c s o l u t i o n f o r t h e second batch would be made i n a separate tank and added t o t h e b a s i c s o l u t i o n . The remaining h a l f o f t h e f i r s t batch would then be r e c i r c u l a t e d w i t h t h e o t h e r h a l f o f the f i r s t batch c o n t a i n i n g t h e second batch a c i d i c and b a s i c m a t e r i a l s t o form t h e f i n a l simulant. DPTIMA CHEMICAL -BATCH 7 ( a )
Approximately 8300 l i t e r s o f t h e Batch 1 simulant was t r a n s f e r r e d t o a 
7 . 0 0 0 -l i t e r s t o r a g e tank (STl), l e a v i n g about 7500 l i t e r s i n t h e o r i g i n a l tank (Tank A).. The a c i d i c s o l u t i o n was prepared i n a second 7 . 0 0 0 -l i t e r tank (Tank B). The r e s u l t i n g s o l u t i o n t u r n e d a dark v i o l e t c o l o r over t i m e and t h e volume was -6800 l i t e r s . contained s i m u l a n t from Batch 1. A f t e r a d d i t i o n o f a l l t h e chemicals, t h e volume was -10,600 l i t e r s and t h e s o l u t i o n w a s a m i l k y o l i v e green c o l o r . The a c i d i c s o l u t i o n i n Tank B was s l o w l y added t o t h e b a s i c s o l u t i o n i n Tank

The b a s i c s o l u t i o n was prepared i n t h e o r i g i n a l tank which
The simulants f r o m Batches 1 and 2 were then mixed. One h a l f o f t h e contents o f Tank A was t r a n s f e r r e d t o Tank B and t h e s o l u t i o n i n Tank ST1 was t r a n s f e r r e d
i n t o Tanks A and B i n roughly equal p r o p o r t i o n s . Approximately-230 l i t e r s o f wash w a t e r and 1625 l i t e r s o f a d d i t i o n a l makeup w a t e r were added t o Tank A t o achieve t h e d e s i r e d 26.460 l i t e r s o f mixed simulant. The two tanks were valved t o a l l o w withdraw51 from t h e bottom o f each tank by a s i n g l e pump. The s o l u t i o n s
were mixed a t t h e pump and t r a n s f e r r e d t o t h e t o p o f each t a n k i n two r e l a t i v e l y equal streams. A f t e r m i x i n g f o r 3 hours. seven samples were taken f o r analyses. 
A f t e r f i n d i n g a r i n g o f s o l i d s around t h e tank, an a d d i t i o n a l 750 l i t e r s o f
w a t e r were added b e f o r e adding t h e NaN02 and NaOH. The NaN02 was added. and
as t h e NaOH was added, t h e v i s c o s i t y o f t h e s o l u t i o n decreased u n t i l about 65% of t h e NaOH had been added. A t t h i s p o i n t , t h e s o l u t i o n q u i c k l y g e l l e d , r e s u l t i n g i n a s t i c k y s o l i d s a l t cake t h a t f r o z e t h e a g i t a t o r . A d d i t i o n o f s m a l l q u a n t i t i e s o f t h e a c i d s o l u t i o n and manual m i x i n g were r e q u i r e d t o d i s s o l v e t h e b a s i c s o l u t i o n around t h e a g i t a t o r . A f t e r about 1500 l i t e r s o f a c i d s o l u t i o n were added i n c r e m e n t a l l y t o t h e b a s i c s o l u t i o n , t h e a c i d
s o l u t i o n was added s l o w l y and continuously u n t i l about h a l f (-3800 l i t e r s ) had been added.
w i t h i n t h e tank. (9) 52.88
A c i d a d d i t i o n s were then stopped because o f h i g h temperatures A f t e r t h e b a s i c s o l u t i o n had cooled o v e r n i g h t , t h e remaining NaOH and a c i d s o l u t i o n were added. During t h e a c i d a d d i t i o n , a 15-t o 20-cm t h i c k foam formed on t h e s u r f a c e o f t h e s o l u t i o n which e v e n t u a l l y increased i n thickness up t o -46 cm. Spraying t h e remaining a c i d s o l u t i o n onto t h e foam broke up t h e l a y e r , w i t h a r e l e a s e o f NOx, and allowed a continuous a d d i t i o n u n t i l a l l t h e
( f ) Added as a 5G w t % s o l u t i o n ( 9 ) T h i s q u a n t i t y i s h a l f t h e amount r e q u i r e d . g l a s s formers were added (See Appendix A ) ( h ) Added as a 38 w t % s o l u t i o n Adjustments were made when
CHARACTERIZ ATION
This section describes the tests that were conducted on the LLW simulants and the data collected to determine the quantity of settled solids. density, viscosity. water content, and chemical composition. Where data were reported on other simulants or actual waste, these are also included in the tables.
SFTTLED SO1 IDS
The quantity of settled solids from the LLW vitrification simulant laboratory studies was estimated by allowing the freshly prepared solutions to remain undisturbed in a closed container until a clear supernate was observed and then estimating the total volume of solids by comparing the depth of solids to the total depth of sample. The two alkaline DSSF samples contained fairly large quantities of gelatinous solids (Lokken and Martin 1994). However, when mixed with their respective acid solutions. the total amount of solids was reduced to less than 5 ~0 1 % . The reduction in the solids content was likely because of the two-fold decrease in the overall concentration in the final solution.
. .
The settling rates of the solids were very slow for the 6 M and 10 M'Na DSSF. requiring several hours for a clear supernate to be seen. inventory (RI) simulant contained some light-colored undissolved solids that settled out rapidly (i.e.. within minutes); and a finer, darker fraction that resembled the solids in the two DSSF simulants. Table 8 summarizes the estimated amount of settled solids for the laboratory-produced simulants. and from the PNL melter test and melter vendor test simulants.
The remaining
An important property of slurries is the ability to resuspend the solids once they have settled to obtain a uniform feed to the vitrification facility. A qualitative evaluation of the "resuspendability" of the solids in the three laboratory-prepared simulants was done by allowing the solids to settle in a Teflon bottle overnight and then slowly turning the bottles end-over-end several times, each time inspecting the bottom for the presence of remaining solids. The solids in the 6 M and 10 M Na DSSF simulants and the finer. dark solids in the remaining inventory simulant were easily resuspended during the 18 f i r s t couple r o t a t i o n s o f the b o t t l e s . remaining i n v e n t o r y sample appeared g e l a t i n o u s and "dripped" from t h e bottom when t h e b o t t l e was i n v e r t e d . A f t e r about f i v e r o t a t i o n s o f t h e b o t t l e , a l l t h e s o l i d s were resuspended. Based on these observations, i t appears t h a t t h e s o l i d s i n a l l t h e simulants c o u l d be e a s i l y resuspended by moderate a g i t a t i o n . Simulants prepared i n t h e l a b o r a t o r y D e n s i t i e s o f t h e s o l u t i o n s / s l u r r i e s were measured by weighing a known volume o f t h e simulants. Table 9 summarizes t h e r e s u l t s of d e n s i t y determinations on t h e LLW v i t r i f i c a t i o n simulants and r e p o r t e d values f o r tank waste samples and GDP simulants (note: t h e d e n s i t i e s were e i t h e r measured a t ambient temperature, o r t h e temperature was n o t r e p o r t e d ) .
TABIF 9. Samples o f the laboratory-produced and pilot-scale simulants were dried at 120°C in a vacuum oven for several days to determine evaporable water or moisture content. Table 11 shows the results calculated after allowing the samples to cool under desiccation. Exposure o f the dried.sirnulants to the atmosphere resulted in a rapid uptake of moisture because of the high salt content of the simulants. are also shown in Table 11 . procedure PNL-ALO-382.1 Rev. 0. The f r e e hydroxide content was determined by t i t r a t i o n . A summary o f t h e a n a l y t i c a l r e s u l t s a r e shown i n Table 12. The analyzed composition o f a l l o f t h e major species i n t h e laboratory-produced simulant. except f o r hydroxide and carbonate, were w i t h i n 10% o f t h e t a r g e t composition. The hydroxide content f o r t h e DSSF simulants averaged about 23% lower than t h e t a r g e t value and t h e average carbonate c o n c e n t r a t i o n s were ranged from 54 t o 78% higher than t h e t a r g e t values. These discrepancies a r e n o t unexpected because atmospheric C02 i s r e a d i l y absorbed by h i g h l y a l k a l i n e s o l u t i o n s consuming f r e e hydroxide and producing a d d i t i o n a l carbonate i o n s . 
Moisture contents
DATA NFEDS AND RECOMMFNDATIONS
Tank waste simulants have been used for many years on the GDP for developing grout formtlations and for testing process conditions. The DST simulants were based on tank waste analyses and were generally more dilute than the actual tank wastes because of the need for blending with dilute tanks to reduce the concentration of heat-producing radionuclides. The only properties that were routinely measured for both the tank wastes and the simulants were chemical composition and density. Moisture content was reported for some of the DST waste samples. 3)
)
Substitute other compounds i n the simulant preparation procedure: prepare a n d characterize as i n 1 a n d 2 above.
Conduct waste simulant compositional variability studies: prepare a n d characterize as i n 1 a n d ' 2 above.
Determine the effects o f "spikes". i . e . , species added a t concentrations greater t h a n the nominal or average levels, on the properties o f simulants; prepare and characterize as i n 1 a n d 2 above.
Perform confirmation t e s t s w i t h actual wastes when they become available. . . 
